Introduction
In shear flow of elastic liquids, the stress state is completely characterised by the shear stress p 21 , the first normal stress difference N 1 =p 11 -p 22 and the second normal stress difference N 2 =p 22 -p 33 . Whereas p 21 and N 1 can be measured directly in a cone and plate rheometer, N 2 is not directly accessible. Nevertheless, there is a demand for second normal stress data for several reasons.
Simulations for polymer melt or solution flows through constrictions have shown that the size and shape of vortices very sensitively depend on the magnitude of N 2 (Debbaut and Dooley 1999) . In order to check constitutive equations, rheological tests are chosen such that the calculated normal stresses strongly depend on assumptions made or parameters chosen in the equations. Such a test is, e.g. a reversing double step strain flow experiment (Brown and Burghardt 1995) . At least in cone and plate shear flow, a direct relation was reported between a critical value of the second normal stress difference and the onset of a surface instability termed edge fracture (Lee et al. 1992; Keentok and Xue 1999) . Although there is still no closed theory describing surface roughness (sharkskin) in extrusion of viscoelastic fluids, it is highly probable that this phenomenon is controlled by normal stresses. Therefore, a better knowledge of the latter quantities might help to understand and then reduce sharkskin.
There are several methods reported to determine N 2 :
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Abstract
Step shear rate experiments in the range of 0:1 < _ c c < 30s
À1
(0.14<Wi<42) were performed with a PS 158K melt at 190°C. A cone (gap angle=0.148 rad) and partitioned plate tool was used to measure the time dependent first (N 1 ) and second (N 2 ) normal stress difference. N 1 and N 2 were extracted from a series of measurements with different ratios of R/R Stem , R being the sample radius, R Stem the radius of the central part of the plate connected to the transducer. A very good reproducibility was found for the measured torque. Edge fracture was observed for strains ‡18, independent of shear rate. For larger samples, the onset of edge fracture as seen by the transducer was delayed to larger strains. This is due to damping of the disturbances by the melt between the rim of the sample and the stem. (Meissner et al. 1989; Eggers and Schu¨mmer 1994; Laun 1994) . Only results obtained with this method are discussed in this paper.
The number of publications on first and second normal stress differences and their negative ratio Y= -N 2 /N 1 is still quite small. Table 1 summarises some of these results.
All data of shear thinning viscoelastic substances show that Y in the zero shear rate limit is in the range between 1/7 and 2/7, the limits given by the Doi-Edwards theory (Doi and Edwards 1986) without and with independent alignment approximation, respectively. Y seems to decrease with increasing shear rate. There is no data for melts to show this, but the calculated values of N 1 and N 2 by Debbaut and Dooley (1999) using a four mode Giesekus model clearly show this trend. For polymer solutions Magda and Baek (1994) have shown that the ''shear thinning'' of Y is the more pronounced the lower the concentration of a 4000 kg/mol PS in nbutylbenzene. For comparison, I would like to mention the good normal stress data for a shear thickening dispersion by Laun (1994) . This data shows a completely different behaviour in that N 1 is negative, N 2 is positive and N 2 %-0.5N 1 .
The purpose of this paper is to show for a technical polystyrene melt how the time-dependent first and second normal stress differences can be measured in a modified cone and plate rheometer and what the experimental limitations of this method are.
Experimental
The fluid used was a melt of technical polystyrene 158K from BASF at 190°C. Pellets were dried in a vacuum oven at 70°C for at least 48 h. Cylindrical samples were compression moulded directly from the dried pellets using a 1 or 2 mm thick stainless steel plate with bores. The compression moulding conditions were 10 MPa for 30 min at 190°C followed by quenching. The tablets were thoroughly deburred and stored in a vacuum oven prior to the measurement. All data in this paper is for a temperature of 190°C. 
